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XP-42 AIRPLANE, IV - HIGH-INLET-VELOCITY COWLING
TESTED N CLIMB WITR AND WITHOUT PROPELLER CUFFS AXD
IN EIGH- §PEED LEVEL FLIGHT WITHOUT PROPELLER CUFFS

By J. Ford Johnston and T. J. Voglewede
SUMMARY

Hesults are presented of flight measurements of the
performance and cooling characteristics of a short-nose
high-inlet-velocity cowling on the XP-42 airplane for con-
ditions of climb with and without propeller cuffs and for
high speed without cuffs. This cowling is one of a series
being tested at LMAL.

The airplane speed was approximately 1 mile per hour
greater witnout propeller cuffs than the previously meas-
ured value with cuffs. The pressure recovery on the front
of the engine averaged 0.74 airplane impact pressure at
high speed without cuffs as compared with 0.80 airplane
Impact pressure with cuffs.

In full-power climb, at 140-miles-per-hour indicated
airspeed, the pressure recoveries averaged 0.70 impact
pressure with cuffs and 0.60 impact pressure without cuffs.

Oil-in and spark-plug-elbow temperatures were critical
in the ground run without cuffs.

INTRODUCTION

The MACA is conducting an extensive flight investiga-
tion of several types of cowling for radial aircraft en-
gines. The conditions so far investigated are given as
follows:
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14

15

16

154

16B

Type of cokling anwlight condition

Long-nosge high-inlet-velocity cowling with propeller
cuffs and small cowl flaps; high speed

Loiig-nose higu-inlet-velocity cowling with cuffs
and modified cowl. flaps; climb

Short-nose high-inlet-velocity comling with cuffs
and small cowl flaps; high speed

Short-nose low-inlet-velocity cowling with spinner-
mounted axial-flow fan, cuff 1, and small cowl
flaps; high speed

Short-nose low-inlet-velocity cowling with fan,
cuff 1 and modified cowl flaps: climb

Ag In test 4, cuff 1 except with modified cowl
flaps: high speed

Ag in test 6, but with baffle seal st¥ips at base
of cylinders removed; high speed

Short-nose low-inlet-velocity cowling with fan
only; high speed

As in test 8; climb

short-nose low-inlet-velocity cCowling without fan
or cuffs; climb

Ags ip test 10: high speed

Short-nose low-inlet-velocity cowling with cuff 1,
without fan; high speed

As in test 12; climb

Short~nose low-inlet-velocity cowling with cuff 2,
without fan; climb

As In test 14; high speed

Short-nose high-inlet-velocity cowling with propel-
ler cuffs; climb

Short-nose high-inlet-velocity cowling without
cuffs; climb

Short-nose high-inlet-velocity cowling without
cuffs; high speed
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Where not otherwise noted, the tests were made with
the modified cowl flaps.

The results of tests 1 and 2 are reported in refer-
ence 1. The results of test 3 are presented in reference
2; of tests 4 to 7, in reference 3; and of tests 8 to 15,
In reference 4.

The present paper covers the results of tests 16, 164,
and 16B. In conjunction with reference 2, it represents a
completion of the investigation contemplated for the short-
nose (Dg) high-inlet-velocity cowling.

The design of the cowling and engine installation was
a project of the Air-Cooled Engine-Installation Group sta-
tioned at the Laboratory. The portion of this group asso-
ciated witn this project included ur. Howard §. Ditgch, of
the Curtiss-Wright Corporation, Mr. Peter Torraco, of the
Republic Aviation Corporation, Mr, William S. Richards, of
the Wright Aeronautical Corporation, and Mr. James R.
Thompson, of Pratt & Whitney Aircraft. The Materiel Command,
Army Alr Forces, sponsored the investigation and supplied
the XP-42 airplane. Tuhe airplane division of the Curtiss-
Wright Corporation handled the construction as well as the
structural and detail design of the cowling and supplied
personnel to agsist in the servicing and maintenance of the
airplane and cowling during the tests. Pratt & Whitney
Aircraft; prepared the engine and torque meter for the tests
and assisted in the operation and servicing of the engine.
The propeller, cuffs, and spinner were supplied by tae -pro-
peller division of the Curtiss-Wright Corporation.

This paper was originally issued as a memorandum re-
port for Army Air Forces, Materiel Command.

XP-42 AIRPLANE WITH SHORT- ROSE HIGH- INLET- VELOCITY COWLING

The airplane, engine, and cowling mere the same as
described in reference 2 except that the cowl skirt had
been cut for the addition of extra cowl flaps, of which
the position could be changed on the ground only. The
airplane. with the modified cowl flaps fixed open is shown
Iin figure 1,



TEST APPARATUS AND PROCEDURE

The installation of the test equipment was described
in reference 2. The method used for making the climb
cooling tests was the gsame as described in references 3
and 4. For the cowling with cuffs, full-power climbs were
made at indicated airspeeds of 155 and 140 miles per hour
In automatic rich and at 140 miles ver hour in full rich.
For the cowling without cuffs, the climbs were limited to
one at 155 miles per hour in automatic rich and one at 140
miles per hour in full rich.

The high-speed tests were conducte8 as described in
reference 2 and ground cooling tests, as described in
reference 4.

SYMBOLS
bhp brake horsepower
o] density ratio
mn propulsive efficiency
S wing area, square feet
Cp drag coefficient
P observed pressure above free-stream static pressure,

inches of water

q, airplane impact pressure, incheg of water
RESULT s

The data obtained during the high-speed runs and dur-
ing the climbg are presented in tables I and II. In addi-
tion, the chief climb-test data are shown in figures 2 and
3 in the form of time histories of the climbs.

It will be noted that all temperature data for the
155-mile-per-hour climb with cuffs (flight 16-1) are miss-
ing. Analysis of the data from this flight indicated that
cold-junction temperatures had not stabilized and that tem-
peratures were uncertain within a range of about 15° 7.



A leak in one of the 12 pressure-selector switches
invalidated some of the engine cooling-air pressure data,
as indicated by omissions in table I(a).

DISCUSSION

Maximum Speed

The values of maximum speed and power observed during

the full-throttle level runs without cuffs are plotted

against density altitude in figure 4. The figure also in-

cludes the parameters {7/ &) * 3, representative of the
N0

1/3
effective power, and B2.73 (c s> , representative of the
D

airplane cleanness, as explained in references 1 and 2.

The product of these two parameters is the speed of the
airplane. The installation having the highest value of the
parameter of airplane cleanness will evidently have the
highest speed at a given power and altitude.

It was shown in reference 3 that the installation of
the modified cowl flaps in the cloged position caused an
increase of form drag, resulting in a decrease of approxz—
imately twe-thirds of 1 percent in the parameter

/ 1/3

\CDS
air leakage around the modified flaps and would not be
present in a well-designed flap installation. EHence, for
comparigon with the results of previous tests with the
original. cowl flaps. It is desirable to increase by two-

52,73 ¢« This increase in drag is attributed to

1/3
thirds of 1 percent the values of speed and 52.73 (5%5)

obssrved in the present tests. Values corrected in this
way are shown by the dashed lineg of figure 4. Comparison
of the corrected value of the cleanness faotor with that
obtained from reference 2 for the cowling with cuffs shows
an increase Of approximately one-third of 1 percent, or

1 mile per hour, due to removal of the cuffs.



Pressures and Temperatures

The cooling-air pressures on the front of the engine
in full-power level Plight without cuffs averaged approx-
imately 0.74q, as compared with 0.80g, with cuffs for the

same locations of pressure measurement. The distributions
of the cooling-air pressures for each case are shown in
figure 5. The pressure distributions for the cowling with
cuffs are taken from reference 2. It is evident from this
figure that the pattern of pressure distribution is the
same in either case except for slight dissimilarities be-
hind the engine resulting from the change in cowl flaps.

The distributions of cooling-air pressures for the
full-power-climb condition are shown in figure 6, in which
the points are taken from individual runs in the 140-mile-
per-hour climbs at approximately 16,000 feet. Here, again,
there is no apparent change in distribution due to the cuffs,

It ig to be noted, particularly, that either with or
without cuffs, the pressure recovery on the front of the
engine in climb was less than that observed for the high-
speed condition, For the runs plotted in figure 6, the
pressure recovery was 0.70qs with cuffs and 0.59qs without
cuffs. The pressure loss between the survey in the annulus
and the front of the engine de-pends upon the air flow, For
this reason, the loss through the annulus, in terms of Qg

is higher in the climb condition. When cuffs are uged,
thig increased pressure loss is usually more than offset by
the increased cuff loading at the lower velocity. In the
present cags, however, although the cuffs cauged high pres-
sures in the carburetor and oil-cooler scoops, the pressure
increment at the annulus was coumparatively small. The
boundary layer on the spinner is believed to have blanketed
an appreciable part of the narrow annular opening. This
condition resulted in an energy absorption from the incom-
ing air and a consequent pressure loss at the inlet, Fur-
ther pressure losses were introduced by gaps between the
spinner and the roots of the cuffs. At the low-pitch
angles for climb, the gaps between the spinner and the
trailing edges of the cuffs extended almogt halfway across
the annular opening.

Typical distributions of the cylinder head and barrel
temperatures are shown in figure 7 for the high-speed level-
flight ccndition without cuffs and in figures 8 and ¢ for

the climb condition with and without cuffs. The temperature-

distribution patterns are evidently similar and bear little
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apparent relation to the cooling-air pressure-distribution
patterns. The engine temperatures observed during these
tests are of doubtful significance since the pilot reported
rough engine operation at and near full throttle and the
power developed, especially during the climbs, was rela-
tively low,

Ground Cooling

Representative temperatures observed during the ground=
cooling tests are shown on figure 10 for the run with cuffs
and on figure 11 for the run without cuffs. It is apparent
that the use of cuffs materially reduces the engine and
accessory temperatures. The difference in cooling is prob-
ably greater than ig indicated since excessive indicated
oil-in temperatures cauged the operator to throttle back to
idling only 5 minutes after the start of the run without
cuffs, when cylinder tempsratures had not yet stabilized,
Under these conditions, only the oil-in temperature exceeded
the Army limit, but it 4s probable that the spark-plug elbow
would also have gone over the Army limit after cut-off if
the engine had been run at 1400 rpm for the full 10 minutes.
Of the six elbows for which temperatures were recorded, the
front elbow of cylinder 11 and the rear elbow of cylinder 1
reached the same maxzimum of 215° F during the run without
cuffs. The rear elbow was hottest during the idling period
and the front elbow was hottest after out-off.

Cylinder head and barrel temperatures did not closely
approach their limits in either test.

CONCLUSIONS

1. The maximum speed of the XP-42 airplane with the
short-nose high-inlet-velocity cowling was about 1 mile
per hour greater without propeller cuffs than with the cuffs.

2. The cooling~air pressure recoveries on the front of
the engine in full-power climb 2t 140-mileg-per-hour indi-
cated airspeed averaged about 70 percent of airplane impact
pressure with cuffs and 60 percent without cuffs, The cor-
responding pressure recoveries in high-gzpeed level flight
were 80 percent and 74 percent airplane impact pressure.

Langley Memorisl Aeronautical Laboratory.,
National Advisory Committee for Aeronautics,
Langley Field, Va
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Table 1(b) - Pressure Data

KP-40 Aivplane

Short-Nose  High-Inlet-
Ve.\oc‘xt\‘ Cow\'mc‘

Test No -F\io‘h‘t No,
Run No.

16A-1

1 2 3 4 5

JUY.EAY
i 2 2 4 5

True Awrspeed mph

vess Am HO

1(' impac '
twm Vressuve Ain W, 0
Ambient Air Temp °F
o, demsity ratio

!

338 231 333 331 I3
244 331 2% M4 A
110 16.3% 1587 1507 1447
a0 17T 14 1y %
L1 5% 574 555 Sk

15500 1650 17750 13100 11900{1L450 11550 18700 19850
AbIO

330 233 327 330 3%
335 331 303 3041 %
163% 1513 1510 1447 1A)
1 13 10 4 &

32T 318 557 533 S

39S BT 340 %11 170
400 313 31T 36l M
H\q\'\.I

Withowti Cusss

863 830 19% 110 A7
B IS MO WA D
Speed

—

pressure vakio, ?/‘h-

8 3L 3L 85 %
A5 94 3% 34 34
43 43 A3 a3y 33
A0 %93 %31 213 8%
73 11 171 10 10
bd LI ba L2 L
39 59 54 349 5%
b4 64 b4 L4 LS

8k 36 3L 371 35S
43 23 13 A3 3
93 93 93 43 91
2% 13 3% %9 81
10 e 710 11 10
o 62 LA 64 LY
5% 59 L0 L1 6O
L3 64 6D LS &S

[ M0 LY 70 T4 10
34 42> 33 R4 14
K0 9% %9 89 Ao
93 %1 83 A4 A0
23 32 32 32 &>
LY Y GEK A S - S " §
bd e 6D L4 b4
LT LT b T W

10 10 &% 10 10
33 %3 33 33 3
20 9% 3% 0 2%
41 11 44 v M
3 % % 11w
U ST Y WS TR Y1
b3 bh L4 G4 bA
bbb 60 6T Ll

T4 13 1% A3 13
94 85 34 35S 34
34 4 93 84 N
: a5 95 45!
8T 37 85 87 %
LT 6T LT kT 6T
165 w5 &b L5 45
Hd L4 e LA 64

b S - T b T I T ¥
33 33 83 %5 .93
24 13 A4 44 Ay
38 435 4L 26 8s
e R % 87T 85
LT LT LT 6% W7
b4 65 L5 bbb LS
b4 LY 6L b4 L4

86 9% 6 AS 45
100 23 A% 42 a9
400 9% 9% 33 19
26 54 34 34 34

A0 7% 31 8’1 44
A0_ %% 0 130 80,

Q5 45 34 9, A%
% 9% 99 100 ¢
1% 29 3% 13 A%
4 34 14 %4 13
%9 89 11 .81 3%
40 3% 39 490 8%

LS LS b4 LS W4
54 .54,

51 .57 Su 57 51

De*ﬂs\it\\ Altitude, St
REM
Dhe,
Mamifold -\"vess') R H‘}‘
A TP} ]
by e
b 3
a) £¥ Top
5 - Surve
A-TsS1) g Rahe
Py “",’J;
3) )
A -RPL - 1
323
£2
4= Right
3) Swrve_‘
A ~-RSA) Y
2 EE
Loc@lion of Fressare 3, i
Tubes in Annulus A 'U’i
w
2 33
4 E.o-'_ LeSt b 45 A4S
5) S\nve\\
A-L54) 9w
at 52
RSP
- 5 O~FPL) 2 W
1) Cooler Fressure Jube Locavio 3 ;'
O-FSI  O-FP/ O-RP! 3~ == | Front
- o-Fr2 T/a-,epz O—Fsl: 28| Swurvey
., - ~ -RP ]
s f ”- 0 -RPY) ¥ g
o . P a 24| Rear 60 LO 59
2-5/P a) E# S\nve\.\
! m&. 0 -5%Ff i
] C-F 3% A7 A"
a
Cerrdburelor Scoop 31 Tmpact tubes
'y
7 €55 )
) c'vﬁjo,g Iy v l C -5 ;
< <
3 C-PE 0, o OC-5¥q N
% C'P_?O,-; 5._ C'SJK: z Static 't\AbC.S
crzod o523
g(‘-ﬁ/ of 8 3 5 :
7 — C -TH Impact pressure
07 ' Lf/;,f;/,‘/p/,e in tarb throot

QT 87
49 9% 4% 417 4%

(101 1.00 1.00 L.00 160

104 39 93 39 13
1.01 100 .43 1.00 1.-00]

LS L4 ba Lb L4
5% 40 40 61 59

Sb 57 .51 .58 351
8% 47 A4k 91 a6
9% 91 A7 8% 31
9% 1% 400100 3%
4% 9% 100 99 A%
A9 .99 .49 100 4%

31 314 33 t1 3]
97879 1 Y
T 11 17 T 11
Te Te 16 e Moy

21 %1 33 .%) .%ll

I

3181 11 1 %L
1% 1% 1T 11 1%
T T T 1T 6
Te 1§ 15 T To

$4 30 20 B2 80

[=285



a

L-285

Tathe 21 (Concluded)

13

A o,

Tosr No. - FrghT Mo

1L0-4
1 & 3 4

be-a
1 3 3 4

-
1 a3 4

162
1 2 3 4

-3
1 2 3 4

* *
veasure Altitude

Averoqe bh?

R £ M
&

Ran
Averoqe Free Aur Tgm?,'F.

Imdicoted A'nn?e.uk wiph

5t

Average Mowif old Press.

15% 155 155 154
a3 113 113 116
4900- 300~ 15700~ 19430
5900 4700 14400 30000
49 37 16 2

%30 860 T70 15
23% 400 345 300
A5

Auto Rich Climb

140 140 12% 13%
4T A %4 4

$650-13850- 14350 13300~
4400 4300 17300 19300
2% 34 L 4

1S O LLS L10
A3 363 NN S
30

156 156 131 15%

2.0 120 133 13
L350-10750- 144,50~ 134001
Ta50 11450 15450 13150

970 890 %40 705
400 3% el 205
2530

143 143 140 140
100 a3 4L 11
$750- 11250~ 16150- 13450+
9700 3300 1300 10100
3@ AT e B

$30 360 165 110
3%3 3BT 34.0 313

2533

129 143 138 10%
4.5 A% 94 A4
4350- 3750~ 15300 11150+
5450 9150 1530013350
WL 41 a0 7
£20 30 40 1D
43,0 400 2350 343
2500

Withouk Cusfs

Full Rich Climb

Auto Rich Climb

Full Rich Climbp

With Cuifs

Tube Aeserrorior

pressure s, 4.

7o0
Swrvey

9727
2

3
>
g
A-75/
z

%5
94
a3
89
&bl
A
23
Ad

S 31 34
91 91 A0
11 91 90
3 ¥ 14
59 .58 5%
43 40 43
34 .34 31
AL A4 A1

36 32 1%
ad 39 31
A4 93 %% 1%
27T 36 34 %1
kO 59 Sb .
AL 4D 4D
34 27 2da .
A4S .4b .44 .

a0 31.
1.02 100
a4 4
29 2%
b 6O
50 4%
43 4%
54 53 .50 .53

13
1.05
101
9% -
ba
49
40

A2 91 90 83
29 102 1.01 101
a8 9% 31 as
40 a2 93 3ai
39 bD &3 6O
.Sa .55 54
Al 4% 45
57 56 .54 .

a3 Ti 11 .as
L1323 1.00 1.0 314
100 4% a4 100
.Sa 90 ao
,hi 54 S6
55 350 A1
31T 39
b0 53

Righr
Survey

J
AL/
4
N
s

S1n1e 18

A-RS/
=
I

T3 70 &b 6%
A 4% b 31
71 93 11 10
95 a3 a3
1 15
A0 &>
A3 45
A3 49

EXN
4S
49

12 kb b4,
90 T 83
b 45 5%
100 45 90
11T 14 o
40 40
A A
S0 . A%

%4 30 b 14
107 9% 1.00 %4
110 140 L0 47
94 1.0L 1.03 104
4 .a5 %5 aa
41 3% 41 44
A4 41 43 .43
4m .40 4% .44

T B B
1.00 a7 A7 96
1103 104 94
1.07T 100 105 104
17T 87 37T %)
31 3% 40 40
40 41 44 42
AL 44 4% 4G

93 30 .
113 9% 108
1,14 110 106 1.00
114 1.07 .07 1.03
45 T4 %3 31
36 3D 34 3p |
35 35 37 39
A4 4b .41 49

ANPelids

Ler”r
Sewryvey

A-LP/

Te M
93
10% 103
1.00 1.0%
L
EY
A1
LYY

14 16
a1 1
1% A
e 11
T 1%
4% 50
43 41
41 .44

e T
a1
102 1.
103 1.0}
11

, S0 -
44 .

15 11 81 19
% 4% 93 93
101 1.04 103, 1.00
101 164 1.03 104
37 %5 33 %2
58 St .54 S5
S6 54 .54 54
A% 51 53 53

B3 103 15 101
Qe A5 93 9%
103 1.04 107 A.0%
1.04 L0% 1.08 1.04
te %3S 83 %a
271 8T 50 31
Sb 58 5% S5
Ab 49 S1 4%

%2 16 %3 171!
4% 4% 13 Qa4
1.0% 1.04 1.04 1,05
113 1.00 1.03 1.00
%0 35 41 31
Ab 54 55 55
A6 53 50 53

rronr’

33 17
T 39
2L 14
LS L8
10 e
S0 N

3k
AR}
317 %t
LTS

10
10

29
35 .
15
31
L5 6D
L9
b

FIRF R RY;

114 110
131 148 4
121 148 LI
ag 2% A0
27 3% A

141
119

a5
44

135 13940 1L
123 124 01
128 121427 L19
103 1.03 105 41
103 1.04 1.04 39
L0k 108 1.0T 1404

AT 48 49 AT,
136 LI3 L1 1.0%
L35 130 £33 1.15
L40 1.3 1.A1 147
161 101 91 aS
105 1.00 9% &b

L0k 103 101 8b

Heor

o Cooer

.as as
20

AT 3t
20 23

18 .18 .Ib 9.

27
ol

db 16

Al
34

56
23

a5 41
33 21

D3 34 .3 AT

50 4% 4% 47
33 3T 3% I

271 .33 38 35

.53 4Db .45 4\
33 35 33 3a

35 33 23a 30

207"
fa'zes

95
A
. A%
1% A%
A% a3

93 9%
1 a1
7 a1
33 a9
a1 .41

a1
a5
44
as
a5 .

432 117 141 1A
135 434 131 L3
13% L3l L4 A%
131 13145 A

134 400 1Ay

114 117 1AL 141
149 123 147 145
133 135 123 134
133,135 133 130
135 125 433 131

13% 147 444 LO?
130119 149 1.1¢
1.37 113 120 142
140 117120144
129 1.19 149 144

sIRlC
Jwbes

0

&7 63
. 52
.b0 51
49

b1 61
58 6d
5% .59
31 .59

AS .
2%
35S
35

30 R0 10
T4 14 14
DX T BT - T Y
4S5 13 13 1)

18 s L 1S
LD WS S & W Y
&b 64 LS kb
10 L0 bS5 L4

v bnarefor Scogo

9
l

b? 59 S8 4

4L

13 31 30 1%

a9 13 13 13

91 M6 73 11
23 55 L7 6&
Te 6% L0 (4
T4 6% .60 3

s 77 10 3




Table I.. Temperature Data

Run No.

1 2 3 4 5

LCA-D
1 a2 3 & _§

Short-Nose -Hiqh—h\\:t
Ve.\ocit\‘ C.nwl'nui True Arvrspeed wph
c, \mpact press ,in H0
tn Pressure n Hq.
Ambient Air Temp °F
o, density rokio

De"n_s'\t\\ Altitude $t

Maovifold Press | in Hn‘.

33% 331 33a 331
344 B1 38 314 A
f1.13 1b2% 1548 1507 144
A0 AT 14 1y 8

611 5 514 S5 S5
15500 16b50 17150 13300 13300

330 32% 3T 330 3%
335 324 0% 304 3%
1638 1515 1510 14471000
ie 13 10 4 ¢

547 57% 537 3¥§ 518
16650 11550 18700 13350 20800

High

-——Vﬁthoult Cusfs ————-n!

- 630
$25 272 340 %11 170{ %2 A0 T19% 170 131
403 333 315 3L 3461383 T3 36.0 347 23

Speed

C\.‘\\‘V\daf No. = Point of Measurement

1-3mshet therwmocouple ot rear
a__
3_
A-

sparhk ‘:\\u‘

14 ¥

Tewparature °F

356 HBL. d6i 3T 31%
353 359 367 3T 385
36T 3LT 3TA 314 3

384 335 3%9 391 400
356 359 3C3 365 3b9
387 3% 37D 37D e
374 369 314 37b 383
373 31h 31% 330 337
391 391 399 400 407
383 233 311 395 404
36 330 3%3 333 %
;383 387 320 36 405
37% 39D 384 294 40a

37d 313 3% 3% 393
3%a 384 D% 311 400
3% 3%4 389 391 400

400 462 403 404 M1\
3b9 3711 313 31b 3%
404 402 404 404 4\
3Sb 3% 3U9 391 X%
3ab 3% 3% 393 too
395 404 40b 401 415
91 335 395 399 41t
391 345 395 400 A0L
396 311 403 405 415
39% 400 403 404 411

1 -vear & Slonge ot bose of culinder

14 v

A% A% Al A1 3N
334 2%3 a6 a%e 1
ATd AT 1S 15 a7
338 289 A% 91 A4S

290 a%4 293 2% A
235 A1 ™S AT AW
303 302 304 304 0%
A% A% AP A%k AN
229 299 302 304 0%
Atk a%6 AE A9 A1
971 29T 333 303 30b

AT 387 297 2% 301
313 223 293 34 1
AT AL 234 381
A3 394 374 A1 Al

A0 AN 310 4 a4
211 333 399 301 0§
305 30% 30% 310 Ma

313 3838 At A0 Al

303 308 30% 0 M
A0 24 2”4 3T A
303,305 30§ 30% 30

10 imtokRe port
Mixture ot blower T
Fuel om suction side of pump.
A Wopressure o " w
% m carburetor Sloat chawmber
11 - Sromt sparh ?\uo’ elbow
11 reow W Y Y

A A1 A AUd AS
155 154 153 150 150
14 13 13 1Y 94
77 1% 31 34 871

4L A3 43 Db Db
43 44 90 90 90

216 19 A4 ALY 39
16D 456 155 156 AS6
7% 81 %4 34 9t
24 14 34 34 4

AL 41 3% 31 31
94 34 94 a1 91

Recorded free air

Aiwr im carburetor scoo

W at top anmular vohe
7 Sront of c_x\\m.d.e_r 4
¢ behumd cul*1

» ot exit of oil coolex
Oil-in hime

Ot owt

ACLEbSDY\-‘ Lompo.\-tme.mt
Le$t mogmeto

Pilot's cochpit

Recording v strument compartment

3% 35 33 33 3L
34 3¢ 3¢ 32 2N

43 43 3% 3L 3%
158 160 103 163 1T
b3 LS b1 5% 5%

34 31 2% A1 34
37T 34 31 3 A1

41 41 35 34 Oi
1hd 13 163 {73 17%
64 b4 W1 Ll Wi

133 135 135 133 135
203 301 203 A03 03
A0S 107 106 103 10k
9K 47 41T {71 a1
L% 15 18 15 M1
3 7L 71 6% L%

137 133 133 131 133
30% 207 0L 0T 01
10% 107 10T 107 107
101 104 100 101 4%
11 14 14 T4 1%
[ T U 5 W U B §

H

L-?85



L-285

726/ II  (foncluded)

15

1681 168-2, 16-1 16-3 14-3
a b c dla b ¢ dla b ¢ dla b ¢ dja b e
Indicated Aivspeed, mph 157 155 155 155|141 133 13% 138153 15T 155 156|144 144 140 144[140 138 133 156
e 121 120 148 11393 944 %4 941123 121 113120100 100 9% 102] A6 A4 94 120
%ﬂ.ﬂ\uc Altitude 4300- 9450- 15600- {3050+ 4550- 10350~ 14950- 18700-| 5500- 10600- 15000-13700-| LAO0-10850- 15300~ 14 A150~ 10600~ 16650-20250+
me‘e. 5t $300 11000 14700 19350{ 6550 11900 16300 136506/ 1350 12500 1250 19600{ T550 13400 11150 Q0300 (500 13150 17450 20300
Averaqe Svee ar te-m.pcro.tura.‘F 50 35 16 4 [4% 33 49 ¢ 50 30 46 3 |57 3% 15 §
Avu"mqa. bhe 220 860 L0 ¢30/910 240 TI0 615|360 290 200 10|60 ¥10 770 L7030 330 L0 5%0
Average Mamisold pressure 319391 243 302{430 403 340 300|314 362, 3011/ 395 3% 340 295|430 400 322 35
RPM 2530 — e— 25 20— »+— A5 X5 — >4 25 0 0.
Auto Rich Climb| Fun Rich Climb Auto Rich Chimb Full Rick Climb
Without Cuffs < With Cuffs
| |
CH. N~ VIn)f of Heasurement Temperature F
[ - Rewr sooky @@sAer (31 3e 311 363|373 358 331 ast 387 333 311 234]3T> 359 311 1
_ 313 379 26/ 365 [3T1 353 3D 0 3313 393 331 393 366 351 301
R 378 383 330 316|378 360 338 333 400 405 400 333|332 35% 233 311
e 382 313 400 403 391 333315 355 335 301
g 315 400 395 393 {400 381 384 d¢1 411 41% 413 A0 337 379 313 355
é 362 369 DL 6T {363 24 341 D 357 339 339 333 363 344 334 e
7 33T 333 298 3111395 394 384 3T 407 413 430 41% 30 3 AN§ 53
8 311 3T 384 3R0(3T6 371 3TL IS 38T 394 391 D97 M4 353 353 240
7 37% 383 395 391{392 380 331 3M 405 40T 41k 411]3B6 313 11 32
/0 387 335 40% 403333 392 H8A 36 401 411 A3Q 413|317 3T 13 354
// 230 386 400 333|335 3% 313 358 407 401 41k 413384 33 3% 355
=z 376 333 319 3841318 d71 358 2% 39% 400 403 400} 315 3I5% 44 0%
/3 385 331 294 23%)3%6 dL3 33a O 39% 4410 ALY 401 3B T 331 34
/¥ 314 393 331 339387 365 333 0% 403 +O7 401 40a(384 354 330 303
2 ~Rear ¢ barre/ flange
-
4 294 299 298 2%6]331 QT8 AT A6l F 270 %4 294 292[330 AT ALS A58
4 279 230 390 a%e|d1N AT 213 Aed 2 270 294 232 ABB[ATE A AW 25D
S Jub 272 312 268 | Abb LI 54 £ A70 ATh ATe AT4]A6S WD 256 248
& A77 290 232 %8 {372 %1 AN 273 3 23 299 297 2341376 A6 Akl aed
7 2 A70 ATb A6 AT4 |56 ASe ASL Ada
3 217 2% 233 236 (31 AN ATT 310 g 385 290 334 290 AT A4 AN NS
A 383 234 299 294)389 290 290 334 ] 314 301 0L 303215 ATS A3 AT
0 390 219 305 303 /392 A1 2% A 5 303 310 315 313]333 A2 231 A0
4 A5 A1 290 A6 [T 1T ATT ek s 235 A2 317 A34{ AL ATe A4 S
2 213 394 393 297 %6 A%y 383 A £ 397 301 306 301|3%1 235 A% A6l
3 231 2%e 3% 296 (3L AT 26t ASY 240 277 37 A4 {35 AT A ASe
/¥ atb 294 234 334 (398 3%d 270 ALl a%4 399 233 397335 290 ALS asSe
10 - /ri/ahe porr 317 alx 207 a00|ai4 200 193 194 WA 314 20% 305|315 200 130 183
My, o Slower rim 165 168 456 4531632 153 151 142 {17 155 458 153{169 163 143 136
ae/—sycﬁopsxdeaf,a//mp T T4 4 TL T4 T4 1 a3 %2 33 11T 71T 1T 4
” ssere v 7 0 17 T 11{14 T Ty 2 %3 ga 78|77 T 17 1L
-, Froa) chRmoer
/- fiw;/‘.:;a,o/ay e/bow ML 33 371 a4 6% sa 35 76 353 40 3L{77 5% 234 a3
/= rear ~ 105 93 93 11105 43 84 11105 35 15[103 83 11 64
Aecorded freea/r 57 40 a3 15{50 34 33 54 34 323 4056 23 30 12
Air 7 carbd. scoqo 5% 43 34 15{55 31 as 52 40 23 10]4% 32 33 13
@t Jgo d/ww/a/- refe
g rrant of / /;o/ 5 49 34 211ed 46 31 66 46 3% 166l 4% 9 40
” petund <y 182 413 165 476 [433 177 160 ASH 201 195 135 132190 1% 157 145
” a/e)‘/l‘/}'om o//coa/er 3 M1 bLa 49183 T4 b1 4% _ $5 6% 59 AL |96 LR 4% 14
Vo d 139 133 133 430138 139 1at 13k 139 133 130 137|143 136 13% 133
arn ot 194 197 134 194 [195 194 192 1% 1% 138 19% 135]423 196 190 181
Aecossory comoor7szens |23 83 10 14096 31 31 T4 104 92 33 M2 |99 %6 14 C4
Lel7 magnelo 39 3L %0 77{43 20 31 % 101 A5 8% 12[2 43 g3 11
Lilor's  cockol” TT TL LS 5877 11 w4 5% % 7% 712 4393 17 4% el
L AAS/rersmers) comoerie)/ |30 1L 65 53111 T4 b4 S8 33 19 12 598k 11 g4 55 |
|




Fig. 1

NACA

*3UITMOD
£1T00TeA-18TUT-USTY 9SO0U-3XOYSs Y3IM SURIdITe ZH-dX -'T 9an3Tg

§8¢c~1



kg

14C mph, Fulivich

«s

(b 140.mph, artomatid rich.

Test 16 .{ with cuffs:

Time histories of ciimhs.

e, 135 mph automati: rich,

fgare &

QL
mm.v, Gttt “Runss it projroyy Yt PRSI PIOIPLY
Q N N N N ) S
“ _ T T T T T T T ™ T T T T T 4.1@ T 7_~ T ./ T 0_ T T __ - ~ »’z W X o_u 4% >
froenf “_.““""“""“_Lw%&f ++++++J_r+:++|ﬂ+__ _
i 7 w“__“\m“+++_“_“""“t_+ + o+ ———t—+ 1 “ ?
1
+ ] :l\\ fomt——+ + + + + + + + + -+ F+ o+ o+ {1 : T
w b ’ _ o ——+ +—+ + + F+ + e = e /T —+ +— ©
T 7 “ \n e T A A e “
/ __ ‘"w_|~.++++++++ + o+ bt =t “/_/.+ m —+ + e
++ __m%"“"w“"+++++ + o+ +++¥._"1”./j + “
—H 7 t+H __ b+ + 4+ A+ , T e e e e ol | A
+ 77 "“:_““"“4.++++ +H+ W e ;
- ;_w““_:u.w"_TJr++++ 4+ : +.M T T T SR | 2
i |y e + + + + + e i S e
L ' 1 L ! | _ } L4+ — L 4 i L+ 4 } I L 1 } i | | | L ' i | m
- T T T N
,, I et = T e <+._|H'«1+|_|+|_|+4+ —t T+ T A+ =
b Va I Ot L I ! ; | ) . ; i .y ;
T m ; T e S + o+t b+ ++4,++kfw+ i *
Q i Loy i 3 1 i I b i ) ' ' i | e 1 | s ) ' .
B T3 ] _m_ et i W + + ~+ + + + + + ﬂ.ﬂ‘# —t ; g :
Iy I S "m++““_+s++.m++ + + o+ o+ o+ ++,H.,m4,+d,m“__“_“wh""" ©
M,_W L T T e e I S T ++++,+A",W“,‘_,“"/7T_“Wn“"" 3 8
| Int | /y s _LM by f_ 1 1 | | L ! ] N I | | | I ! 1 " I hm_ I It ) | M/ N
T _\VA///f _4m T NI T T T T T T _ilikm + 4 T T 7 T 1 T [IEA T 1 w,.w.f T T f f f f t _/‘/”/“ f BN cf;. é‘a//.
e T e N+ S - e e i e Tl 2 e e e e e e e e §
I ! ___. I I 3 | i | ) I . 7 dmﬂ, d@ ; kN l/ 67
s T f WJ/./ L et — _\ _r_ﬂ++|v+yb -+t ﬁow + &+ ¥+ttt g “ﬁ f + 8
1r N | SR et + o+ 7 U frtrbt—t + ﬁmllTiiil.T}TTT++++|++L_lT ; I + 448
- ! _”m__./ pe 4 4+ R a;m,.|T|T+++++ f— et ——t : =] S
_ < foef——t e — “++++ -+ s+ 4 Attty :
“ ————t—t + - ! F—t Pt L L bt e T s e " . S >
et + 4 m+++ i -+ T + i : ! . N -
. ]
; A —F— + + + + A+ + : —t—t + f p— w_ : ?
“ " bt —t——t—t + =+ + + o+ 4 o+ | =t t—
i , —- F——t——+ + + + + + + + g+ —H—t | i ; L 1o
. f—t Pt Pt + A+ A + ~J ! f 4 ”
- i ——t———t+— + + A + + = H o+ i — ©
i _ —————+ w _ L e =+ + &t f Mv
_ “ ettt —— + + + + +H + T ; I~ N
d f—t—+ +—+— “J“ S et - - _ _ ; S
|
; ” - s S ST - - N
L . _ DU S S I N b1 b 1t ™
T T , T T T T T T 2 T T G *
. ,ﬂ i , ~ EERREEEN EEED RS e i RGN
= 3 8 8§ 3. Ww SR 8 % & § Oy OSTTETY I TRYTT OYTYIY Y e Y vy oW e
Q s Yok X)) ATMITDEU0Y TYDIT 0% yreaness A YT BATIE Dt
M §SRISD G 2SS 24 k& A

¢8e-1



Fig. 3

bry Ut ‘pinssaIT, DIOL 10 yaw p wﬂs\m,\.\\b P2LO2pLY o
Y]
R 3 ¥} 8 &8 8§ ¥
__ T m______|ﬂ\__‘___4|.14|,_,_A4|11!A \
~ b —— bt A o
! : Pl
bt A ——+ + + + + + + + o+
__ — m_«\w+a“+l+++++++ v+ o+ 4
| T oo+
i “ \L"\:""» —t =+ + + o+ A -+
| _ “\_".\*_.F“" ———+ e
! _ “ “r\ e e T ++|Nrr-x+,
, | {\ L_ e e T T P o+
T t i “ﬂﬁ —t—t + + + o+ A+ i S T S Sl sl S S ol s
\ .
T M\N_ “4, F—t—t—+ + 4+ + + + ++.\T Rl v o S S e s s I S S S o
¥ : —t — /, F oot o+ o+ O S e S e —— _
| “”_“.“_“_"4"_“__ m,+F_l,..r|__|F~ T_+I.L\_,"__ : "
T T ot ——r——4~ + + - + + + + A+ + v + -+ ¢ + T - T -+ T At _“_“w w
w bt bt b ek A+ + £+ + o+ + + o+ + e + S+ 4 e t—+—1 |
} “_“__“Tg_"“+s++-++++++++++++++++4 ﬂ,““_A““hhhwwwi }
A ++|+m““ﬁnﬂ#TT+4+++++++++1}++ — At —t—t T +
mﬁuwa_:_ m_ﬁ“_“_T++1++;T+.@,++++++.+++.+4p+ ot At e e o _
M I8 m | .Mf“ S ——+ = g ek Qg et o et t———t ~ “
&g 1 . Q Q N
e /m"m"__““«W++++,m||+MT+wh+n+J_rmmmil+4+ R ot ————t
I e T R S e S s gt A i
SN SRR S g g 1
R X /"Mﬂ“"_"_ﬂi o Nttt Tt A :
t\, \ v —H———————— “ —+ + +—+ =T A fspw_lnla# 1
t \\ \j_ =t =+ u b et “ — + L!%Jr I J“ —
= SESVERES S I SR R + +$+++-r+ + 4 -+ - ——t SR ©
k|
- \“" , T _\ * “““gr + + + o+ " s i —
[t ‘ : j
f “L/“ : ” «wﬂl_.lTlTillTJ\N,,-+,+++_\,““mp bt — ww ” <
—— ,_ W, i R 7 + + bttt i “ W_ t ”
-t ; i i u Rl e e s e s e e L ” 5 w %
: : "_A “""*h_“““\“ i o e s A e b e
! ! i ' ' . . '
} «“»”// o / L A+ et i ot —t | 5 - 1
\ / \ | & | o ™~ i
1. I b o1 ] SR Y R SR S T i T B I ! . | A et N F—
T _ L S ._.A_—, _\ﬂ—‘ 1 __* T -161 —_ X Am / —
{1 S . ) ! ) L 1 1 > ol PRV U el Ll
Y ¥ § 85 ¥ 3 8 ¥ TRy SRS R E Y Y S ey v s
’ s e vrrrg TIRTELTY T OF U Troas LS OPILILD BlTPSSTUs
S @ V o SSOLTD TEUD BHS AU PP
<
2
$8¢-T . . .

7T, 170002

(B M0 kb, Full rich

TesH /6|3 (wilthout (Cutss)

fe rypch

208, ggan{m‘
Engura3 T tistokves of ‘climhs

(g} 1954



0 *peeds Sy
Aw 38 SUOTANQTJILSTD eanesead ape*Rulrood supfug - °g oamITd
g X FONI AL fQ
(o [ Er M6 L L £/ .
L _ oc
Q@ 0 1 Q Q o]
O nﬂ O 0€
A . X x 4
X=X ——X % V_F ~_n K X of
TNOON T Q\(\\\Nﬂ
09
5T 5 o 3 s X A
% % X C Q X £ .
o T % T x T log
~ | :
:4 _ 06
, T VNG SO TFO/E LSPHIX T
£ ; | 1 .
By _ I _ /
2 FASFY WONS
e‘RNtQ\ SANN) HLIpL X 09" 5
3 SHAND LOOHLIM © m\
e 5 0/ o
U o @ o} x
/M\ ¢ x o x | © ) 05
» x x w_a % % x .
I ] { 06
QYA HO FAIS LSAYHXT
00/
o9
® [0}
] % x 9 n_u oL
X X Ju >
M b b 08"
< 0
2 i i
h |
z o0/

$ge-1

+gJJno anoyzta eouwaroyyed peeds-uydiH - °p eamITd

AL BPIHE  SYISUST

fO/ %22 oz &/ o/ 2/
|
! cee
e 3
(o} Q o]
TP O o= F - A= o8 i
Q
- N
L
/o/ W,/
. oog
%r/47/;¢// Qd
o {oas
24 wu
N
e e e b .%T
or &
A
- //
e 18 © /O,
Ny
Z/ &
oL O
LAY S f o0l
|0l PSfIBLAO) == == —
T



Figs. 6,7
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Figs. 8,9
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